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Abstract 
Deuteron and gold beams have been accelerated to 

a collision energy of 6 = 200 GeVfa in the Reh- 
tivistic Heavy Ion Collider (RHIC), providing the fkst 
asymmetric-species collisions of this complex. Necessaxy 
changes for th is  mode of operation include new ramp- 
ing software and asymmetric crossing angle geometries. 
This paper reviews machine pedormance, problem en- 
countered and their solutions, and accomplishments during 
the 16 weeks oframp-up and operations. 

INTRODUCTlON 

M e r  productive p-p and Au-Au collider physics runs in 
2000-1 with collision energies of f i  =130-200 GeV/u, 
RMC experiments reported early high-pt jet quenching re- 
sults [l]. To compare Au-Au results with cold nuclear mat- 
ter probes, 16 weeks of operations time were spent com- 
missioning and operating 6 = 200 GeViu deiiteron-gold 
(mu) collisions in RHIC, &om late November 2002 to late 
March 2003. This was the fkst operation of a asymmetric- 
species heavy hadron cdlider, and an important demon- 
stration of RHIC's flexib~ty to probe hot and cold nuclear 
matter at the 200 GeV energy scale. 

A summary of machine performance goals and achieve- 
ments for this run are listed in Tables 1 and 2. Ahnost 
all run goals were either met or exceeded. The only p111- 
achieved primary goal was gold per-bunch beam intensity, 
limited by injector and injection performance. 

TabIe 1: WiIC 2002-3 dAu Ru 
Machine Performance 
Setup:&mpup time [weeks] 
Storage energy [GeVluJ 
Nmber of bunches 
p* Em1 
Diamond length CT [cml 
Peak luminosity [ X  10"' cm-" s-'] 
(L)(store) [x  lo2' s-'] 
(L)(week) [nb-'/week] 

Parameters 

110155 
21314 

4.0 6.2 
I .6 2.8 
4.0 4.6 

*Work performed under Contract Number DE-AC02-98CH10886 
US Department of Enrrgy: author -1 under the auspicies of 

satogat a@bnl .gov 

RUN PREPARATION 

With Limited run time, an early consensus among exper- 
iments was reached to focus on a single run configuration 
with deuterons in the blue ring and gold ions in the yel- 
low ring. This setup required reversal of DX power sup- 
ply shunts to maintain unipolar constraints on these power 
supplies at injection and through the acceleration ramp[2]. 
These machine constraints could also only be satisfied by 
including a 1 mad  crossing angle at injection and, more 
importantly, a I mrad common angle for head-on collisions 
at storage energy, as shown in Fig. 1. Zero-degree neutron 
calorimeters (ZDCs), used for luminosity monitoring, were 
moved by 10 mm in the appropriate direction to maintain 
necessary signal leveLs[3]. Power supply and ZDC work 
requiredtwo days ofrun-specific setup time. 

Figure 1: dAu collision geometries at injection and store 

Both Tandems were used and had excellent uptime: Tan- 
dem Mp7 supplied gold beam and Mp6 supplied deuteron 
beam. All injectors (Tmdems, Booster, AGS and trans- 
fer lines) were required to "mode-switch" between both 
species for every RHIC 6u with a typical species change 
time of 3-5 Irminutes[4]. Productioninjection always started 
with deuterons, to minimize fBS-driven gold beam emit- 
tance dilution on the injection porch. Overall injector setup 
time and development were a concern throughout the run 
due to division of effort between setup of both species. 

Run preparation also included demonstrations by con- 
trols and instrumentation to gracefully handle two beams of 
signiscantly different character and intensities. Logging, 
instrumentation, and control systems easily demonstrated 
the flexibility to handle separate species in each RHIC ring. 



Table 2: RHTC 2002-3 dAu Stored Beam Parameters 
Storage Parameter Au, Yellow Ring d, BIuc Ring 

achieved goal achieved 
Tntmsity/buncli I .Ox 10'' 0 . 7 ~  10" 0.Sx 10" 1.2x1011J 

Transverse Emittance [950/0, ~prad]  10-40 10-304 15 12 J 
Bunch Length [nsl(200 M H z  RF) 5 5 4  5 5J 

TotalIntensity(55IllOblmches) 55x10" 38/6OxlO"J 4 5 ~ 5 1 0 ~ ~  5 7 / 6 0 ~ 1 0 ~ ~ - /  

RUN CHRONOLOGY AND ISSUES 
At the 2002 RHIC Retreat, a goal was set of 14 days of 

set-up time (time to initial collisions) and 21 days of ramp- 
up time (time to develop collisions and lifetime to physics 
production} for every new species configUration[fi]. This 
run ,@dance, based on experience during gold and p01a1- 
ized proton commissioning, was reasonably close, with 18 
days from first beam in the blue ring to first colEsions. 20 
days aRer first collisions, minimum goals were met for the 
start ofdAu physics. 

As in previous RHIC Au runs, injection was performed 
with p*=10 m at all interaction points Ops). The initial 
acceleration ramp also squeezed to p*=5 m at all JPs to 
optimize optics for independent transition jumps, and then 
squeezed to final collision optics in the last half of the ac- 
celeration mip.  Collision optics were ,6'*=10 m at non- 
experinientd IPS, and p*=2-4 m at experimental Ips, de- 
pending on experiment background issues. Beams were 
vertically separated with rt5 mm bumps at all IPS through 
the acceleration ramp to avoid all but long-range beam- 
beam effects. 

Initial setup was injecting beams with equal rigidities, 
minimizing transfer b e  mode switching req&ements and 
maintaining species symmetsy between both rings for in- 
jection setup. However, collisions required equal fie- 
quencies between the two beams, and in this condition 
modulated long-range beam-beam forces created untun- 
able beam loss during the acceleration ramp. On Jan 2 

Table 3: Short RHIC 2002-3 dAu Run Chronology 
11/1 Start of NllC cooldown 
1211 3 Both rings at 4K 
12/22 First ramps of dAu to collision energies 
12124 First d/Au collisions at all experiments 
12/27 Start of routine detector commissioning 
112 Injection: equal rigidity to equal frequency 
119 Routine 110 bunch ramping 
1/12 Start of 2003 dAu Physics Run 
2/21 Low-noise storage RF driver 
2/22 Deuterontransverse instabsty fixed 

2/26 

3/24 

First production store to hit goal levels 
Return to 55 bunch operations 
Routine goal operations 
End of 2003 d/Au Physics Run 
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Figure 2: Two typical RHlC EY03 dAu stores, showing 
beam current (x109/11 Adp, total and bunched) and lu- 
minosity lifetime. Luminosity lifetime was dominated by 
gold beam &time and IBS-driven debunching and emit- 
tance growth. Time between stores was about 1 hour. 

we changed ramp conditions to equal frequencies from in- 
jection to coIlision (see Fig. I), minimizing beam-beam 
modulatioa, producing more efficient acceleration ramps, 
and enabling study of ring-to-ring RF locking during 
acceleration[6]. Ramp recommissioning took less than two 
days. 

RUN PERFORMANCE DETAILS 
Fig. 3 shows single-bunch and total beam intensity evo- 

lution through the course of the run, measured at the end 
of every acceleration ramp. To meet performance goals, 
the number of bunches in each ring was doubled from 55 
to 110 at the beginning of January. Though this produced 
reasonable physics, pressure rises created intolerable baclc- 
grounds and beam lifetime issues[fl, and required a return 
to 55 bunch stores on Feb 26. Single-bunch intensity devel- 
opment was limited by RHTC development time and mode 
switching, though deuteron intensities were improved in 
late Feb with RF bunch merging in the Booster[4]. RHIC 
ramp efficiencies averaged 95% after the startup period. 

Fig. 4 shows the total integrated luminosity for the run, 
with final totals we@ above &e Illinimum required for 
physics. This plot correlates only roughly with Fig. 3; on 
Feb 22 an emittauce-diluting instability in the deuteron ac- 
celeration ramp was diagnosed and cured, improving emit- 
tance and raising luminosity by almost a factor of two. 



Figure 3: RHEC dAu run intensity evolution, as measured 
at the end of every acceleration ramp. Small total intensi- 
ties are indicative of 6-bunch setup or beam study ramps. 
Error bars in the top plot are over all bunches in the store. 
Unsuccessful ramps are excluded. 

Figure 4: dAu run integrated luminosity. PE3ENJ.X inte- 
grated luminosity averaged 4 - G  nb-lhvveek near run end. 

RUN HIGHLIGHTS 

A new transverse injection damper system was 
commissioned[9] early in the run, successfdy bit ing 
emittance gowth due to bunch-by-bunch injection varia- 
tions. The addition of 720 Hz digitizers in February also 
added the capability of coherence monitoring to this sys- 
tem. Signals during production acceleration ramps showed 
a clear deuteron beam transverse instability (see Fig 53 near 
transition, leading to large emittance dilution and back- 
grounds. Using the coherence monitor, this instability was 
avoided by careful chromaticity adjustments[8]. 

The RHIC PLL tune systemhl01 was comrrrissioned to 
routine use during this run, and there were several ramps 
with successful tune feedback that constmined limited tune 
variations to lo-“, though with more beam loss than witli- 
out tune feedback. Feed-forward ramp coupling correc- 
tiom were also performed in both rings, using a new 
method for coupling correction based on N-turn mapsf1 11. 
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Figure 5: Blue kansverse coherence monitor readings for 
ranips 3006 (Feb 16) and 3070 (Feb 27), showing the ef- 
fects of chromatic instability correction. The inset shows 
details ofthe near-transition instability over one second. 

With injection kicker improvements, this was the l k s t  
RHIC run to demonstrate routine 1 10-bunch injection, part 
of the RHIC-E lrrminosity upgrade. 1 10-bunch ramping 
sometimes created pressure rise within the PHOBOS IR re- 
gion, creating destructive radiation for an experiment that 
is dominated by radiation-sensitive Si detectors. Returning 
to 55-bunch operations eliminated these pressure rises[7]. 

ACKNOWLEDGEMENTS 
The authors thank Steve Peggs and Phil Pile for produc- 

tive discussions, and the RBIC/AGS operations staff for 
successfd physics operations ofthis run. 

REFERENCES 
[I1 P. Levai et ul., “Discovery of Jet Quenching at RHZC and the 

Opacity of the Produced Gluon Plasma”, Nucl.Phys. A698 
(2002) 631434. 

[2] J. van Zeijts et uL, “’Ramp Design and Implementation for the 
RHIC dlAu Run”, TPPBO48, these proceedings (May 2003). 

[35 A. Drees et ut., “Luminosity Monitoring at RHIC with Vari- 
ous Species”, TPPBO31, these proceedings (May 2003). 

[4] L. Alirens e? id., ‘1RHIC Injector Cb&gurations for the RHIC 
d/Au Run”, TPP3047, these proceedings (May 2003). 

[5] htt~://vacr.c-ad.bnl.goa/~IC/re~reat2002/ 
[6] J.M. Brennan et UL, “Operation ofthe RHIC R!? System”, 

[7] S.Y. Bang et d., “RHIC Pressure Rise and Electron Cloud”, 

ti31 M. Blaskiewicz et ol., “Transverse Instabilities in  RHIC”, 

191 A. Drees et uL, “RHIC Transverse Injection Damping”, 

[lo] P. Cameron et al., “RHIC Third Generation PLL Tune Sys- 

[I 11 W. Fischer et el., “Linear Coupling Correction &om N-Turn 

ROAAO067 these proceedings (May 2003). 

MOPA010, these proceedings (May 2003). 

RPPB007, these proceedings (May 2003). 

WPPGO44, these proceedings (May 2003). 

tem”, ROABOO9, these proceedings (May 2003). 

Maps”, WPAB078, these proceedings (May 2003). 


